In this paper, we proposed a virtual rehabilitation system CABAR) to increase the results in static and dynamic balance for
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INTRODUCTION
Guillain-Barre syndrome (GBS) is an acute monophasic illness that causes a rapid, progressive polyneuropathy with weakness or paralysis. The cardinal clinical features [1] , [2] of GBS are progressive, mostly symmetric muscle weakness and absent or depressed deep tendon reflexes. The weakness can vary from mild difficulty with walking to nearly complete paralysis of all extremity, facial, respiratory, and bulbar muscles. Severe respiratory muscle weakness necessitating ventilatory support develops in about 30 percent of patients, and dysautonomia occurs in 70 percent of patients. GBS usually progresses over a period of about two weeks.
GBS is a heterogeneous syndrome with several variant forms. Acute inflammatory demyelinating polyneuropathy (AIDP) is the most common variant of GBS in North America, Europe, and most of the developed world [3] . The Miller Fisher syndrome (MFS) is a GBS variant that is characterized by ophthalmoplegia with ataxia and areflexia [4] . Axonal forms of GBS include acute motor axonal neuropathy (AMAN), which is most common in Japan and China, and acute motor and sensory axonal neuropathy (AMSAN II.
RELATED WORK
Due to this muscle weakness, some of the main problems that patients have are postural control, high rates of fatigue [5] , or even paralysis. Balance Disorders are one of the most important risks of falls in diseases such as Guillain-Barre syndrome. Balance rehabilitation is one of the most important therapeutic treatments for patients with gait disorders.
Acute-phase rehabilitation should include an individualized program of gentle strengthening, involving isometric, isotonic, isokinetic, and manual resistive and progressive resistive exercises [6] . Rehabilitation should emphasize proper limb positioning, posture, and orthotics as well as nutrition. A device to help with communication may be necessary. After the acute phase, disabled patients should be treated by a multidisciplinary rehabilitation team [7] . An exercise program may be beneficial for persistent fatigue [6] .
There have been few systematic studies on the efficacy of rehabilitation, including physical therapy for patients with GBS. In 2004, a Cochrane Systematic Review was published on exercise in peripheral neuropathy [8] . The review found inadequate evidence to evaluate the effects of exercise on disability in peripheral neuropathy, but it found evidence that strengthening exercises moderately improve muscle strength. Only one systematic exercise study has been published on patients with GBS, where 16 patients with relatively good recovery from GBS bicycled 3 times per week for 12 weeks [9] . These patients were in a stable phase. Self-reported fatigue decreased and physical fitness improved significantly with this training regime. Two case reports also support the notion that endurance exercise training could improve aerobic capacity and strength in GBS with residual deficits [10] . In later stages, exercise programs may be helpful in combatting fatigue, increasing muscle strength and improving cardio-pulmonary function [11] . However, scientific evidence is scarce.
Incomplete recovery with residual signs has been reported in proportion 50% of patients at 1-2 years after onset [12] . This partial recovery may be a significant cause of long-term disability.
Balance rehabilitation is one of the most important therapeutic techniques in patients that suffer gait problems. This therapeutic process focuses on restoring balance, where patients must simulate, as soon as possible, the different movements and activities that they carried out in daily living (ADL).
Traditional methods for training balance can be repetitive, boring, and inaccurate, which sometimes causes low motivation and low adherence to the treatment, limiting the benefits. Posturography assessment, which is based on force platforms, can estimate the patient's weight distribution by means of pressure sensors [l3]. These types of systems are alternative feedback devices to work balance patients, but the main drawbacks are the high cost and the large area needed to test the rehabilitation process.
In the last few years, the use of Virtual Reality in traditional rehabilitation to increase balance and postural control is a reality [14] , [15] . Using devices in conjunction with virtual environments (VE) provides conditions where patients interact by simulating traditional methods and obtaining significant results. In [16] , the authors concluded that the use of VE that are similar to the "real" world with challenges that emulate functional and real behavior increase the results of traditional rehabilitation.
Novel and low-cost force platform system, with visual biofeedback systems, such as the Nintendo® Wii Balance Board are an interesting option to obtain balance improvements in virtual rehabilitation therapies [17] [18] . The main drawback of these systems is due to the use of commercial games in the virtual sessions because of their complexity. To solve this, it is necessary to create new tools that are specifically designed for patients with balance disorders, increasing the potential of the patient's motor recovery [19] .
The purpose of this study was to evaluate static and dynamic balance control in two Guillain-Barre patients. For this purpose, we used a novel and customizable tool, the Active Balance Rehabilitation system (ABAR) [20] , which is specifically designed for patients with balance and gait problems. This novel therapy will improve the effectiveness of reh � bilitatio � � d the results of the balance test, increasing pattent mottvatlOn and involvement in the rehabilitation process.
III. METHODS

A. Participants
Subject 1 was a 54-year-old man, 5 feet and 74 inches in height, with a body-mass index of 24.65, a weight of 75.5 kg, and a calf circumference of 35 cm. On admission, he did not experience any fall, but he needed the assistance of a walker. The initial Barthel Index was 60 points and without existence of cognitive impairment (MEC-Lobo [21] ) > 23. Subject 2 was a 33-year-old man, 5 feet and 54 inches in height, with a body-mass index of 32.91, a weight of 94 kg, and a calf circumference of 42 cm. On admission, he had suffered previous falls (specifically ten falls), but he did not need help to walk. The initial Barthel Index was 95 points and without existence of cognitive impairment (MEC-Lobo [21] ) > 23. The characteristics of patients are showed in Table l . Instrumentation ABAR is composed of a specific Virtual Environment (VE) that was designed and developed by clinical specialists in rehabilitation, to increase balance and postural control in different pathologies such as: Acquired Brain Injury, Multiple Sclerosis, or Guillain-Barre syndrome.
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The main goals that we have achieved are: 1) the establishment of a valid and adaptive system in the balance retraining of the patient, reducing the risk of falls and fractures; 2) the development of a tool that reinforces the patient's motivation during the rehabilitation process; 3) the use of visual biofeedback, that shows the performance of the balance and postural control obtained in each of the sessions of the rehabilitation process; 4) improvements in gait control, muscle tone, flexibility, and stability in sitting and standing, compensating vestibular disorders or other features that often affect the stability in Guillain-Barre patients; 5) the use of Virtual Rehabilitation techniques at home after the rehabilitation sessions to maintain the improvements in the acute and sub-acute stages; 6) the customization of treatments with increasing difficulty, which are adjusted to the specific situation of each patient.
The system has two levels of difficulty: low and medium. The low level has two VE to train antero-posterior and medio lateral weight transferences in the sitting position. In these virtual environments, the physiotherapist can modify the level of difficulty easily because there are specific parameters such as: target speed, time that the target is shown on the TV, or even the number of sessions, session time, and a specific parameter where the specialist can modify the rest period between virtual sessions. The medium level has four different VE in order to obtain specific movements and weight transferences. The main purpose of this type of therapy is to rehabilitate static and dynamic balance in the standing position. In static balance, the system requires that patients perform different weight transferences in the standing and sitting position (medio-Iateral and antero-posterior weight-transferences). In dynamic balance, ABAR forces the patient to make different movements in the standing position (to step on the WBB or sitting-standing movements). Movements are showed in Table 2 . The patient performs weight transferences in the medio-Iateral or antero-posterior direction in the sitting position.
The patient performs medio-Iateral weight transferences in the sitting position.
STANDING POSITION
The patient moves his feet from left to right by shifting his weight in the standing position.
The patient moves his feet in the tandem position by shifting his weight from foot to foot, forwards and backwards.
The patient moves in the standing or sitting position.
The patient makes a step with his right or left foot onto the WBB in the standing position.
PROCEDURE
Visual Aspect
The study was carried out in a small metropolitan hospital. The Guillain-Barre patients performed a total of 20 sessions using ABAR. The length of the sessions for patients was around 30 minutes. We tested different clinical tests in two periods of time (Initial and Final Evaluation).
In both patients, the therapist measured different clinical tests related to Cognitive impairment such as: an adapted and validated version of the Mini-Mental state examination (MEC Lobo) [21] ; Activities of Daily living (ADL): Barthel index [22] , Lawton's Philadelphia Geriatric Center Morale Scale (PGCMS) [23] , Charlson Comorbidity Index (CCI) [24] ,
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Other clinical tests that we measured were based on Static balance: Unipedal Stance Time (UST) [25] , Anterior Reach Test (ART) [26] , and Dynamic balance: Berg Balance Scale Test (BBS) [27] , the Time "Up and Go" Test (TUG) [28] , the Timed lO-Meter Walking Test (10 MWT) [29] , Tinetti Test (TT) [30] and 3D-second Sit-to-Stand Test (30SST) [31] .
At the end of the first session, we applied Suitability Evaluation Questionnaire (SEQ) in order to obtain biofeedback information about the virtual treatment.
RESULTS
Eight months after the injury, Subject achieved independent walking under the supervision of the therapist. He was able to go up, and down stairs and to walk on the slope, with an increase in muscle mass, improving joint range in both shoulders; however there were disturbances in upper limb motor coordination.
In contrast, six months after the injury, Subject 2 performed independent walking without any type of assistance. He was able to go up, down stairs and to walk on the slope easily, maintaining hypesthesia in fingers, the soles and the back of the feet, obtaining muscle tone in the left ankle. The results obtained in the two periods of time (Initial and Final Evaluation) are shown in Figure 2 and Figure 3 : The purpose of this study, improvements in balance and gait, has been accomplished. Patients enjoyed the sessions and were motivated during VMR. However, due to the presence of residual deficits, it is necessary to continue using these therapies focusing on the balance, postural control, and gait rehabilitation. Future studies will be based on the design of new functionalities in the ABAR system to train dynamic balance.
